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Geoarchaeological surveys in South Germany
(Nördlinger Ries area) showed continuous presence
of human occupations since the Palaeolithic and re-
markable colluvial soils containing dark buried layers
dated to the Neolithic. Here we discuss molecular
properties of soil organic matter (SOM) from three of
these colluvia by Py-GC-MS. The pyrolysis products
could be ascribed to four different SOM components:
labile SOM (fresh lignin and polysaccharides), a re-
calcitrant aliphatic fraction, degraded/secondary SOM
(including chitin and degraded carbohydrates) and
pyrogenic SOM (Black C, from palaeofires). The Black
C was recognised unambiguously from the full range
of diagnostic compounds, i.e. abundant polycyclic
aromatic hydrocarbons (PAHs) such as naphthalenes,
biphenyl, fluorene, phenanthrene, anthracene and
pyrene, and N-containing compounds such as ben-
zonitrile, (iso)quinoline and naphthalene carbonitriles.
Black soil layers generally contained larger proportions
of pyrogenic material but SOM dynamics of these soils
seem controlled by intense degradation, eliminating
most components of fresh plant material and produc-
ing newly-formed degraded SOM (including chitin
from fungi and/or arthropods) and a relative accumula-
tion of aliphatic SOM. Nonetheless, the black colour of
the Neolithic soil layers is clearly caused by the strong
pigmentation of fire residues and reflects a series
of (forest) fire events ca. 6000–7000 cal BP. This study
shows the potential of Py-GC-MS to identify pyrogenic
SOM and simultaneously identify the processes that
control SOM dynamics in prehistorical anthropogenic
colluvium.

1. INTRODUCTION

Pyrolysis-GC-MS is increasingly used for Black C identifica-
tion and characterization in archaeological sites but also off-site

anthropogenic dark earths such as worldwide Terra Preta de-
posits and colluvial deposits, despite the potential difficulties in
distinguishing artificial thermal modifications (during analyti-
cal pyrolysis) and the “natural” thermal impact by fire. While
many of the major pyrolysis products of Black C, e.g. benzene,
toluene, C2-benzenes, pyridine and PAHs, are not specific of
Black C, they tend to be enriched in Black C-rich soil and, if the
chromatogram quality is optimized, accompanying compounds
such as benzene carbonitriles or naphthalene carbonitriles may
allow for a definitive identification of the pyrogenic SOM signal.

Excavations and geomorphological research in the study area
by Sonja Mailänder and her colleagues Prof. Dr. Wolf-Dieter
Blümel and Dr. Joachim Eberle showed a series of partially black-
coloured colluvial deposits that formed the basis of a landscape
reconstruction exercise, i.e. the PhD research of Sonja Mailänder.
For details of this research, the study area, and the deposits we
examined by analytical pyrolysis, please refer to Mailänder et al.
(2010, 2011).

Aiming to elucidate soil formation processes and to seek for
indications of human activities (anthropogenic remains and land
use strategies), we performed Py-GC-MS to the SOM from the
three soil profiles, with special interest in the nature of the SOM
in the buried dark layers.

2. MATERIALS AND METHODS

A. Study area
The study area is located nearby the Ipf Mountain

(Nördlinger Ries, South Germany, 80 km east of Stuttgart), which
is on the border of crater that formed upon a Miocene meteorite
impact 15 million years ago (Figures 1 and 2).

Figure 3 shows the colluvial deposits (taken from a pipeline
trench), samples analysed, and radiocarbon dates. Profile A is
located to the north-east of the Ipf hill in the upper reaches of the
Goldbach Valley. This valley has no watercourse anymore and
is used as grassland and grazed by cattle. In the pipeline trench
the black layer (A4), which was covered by colluvial deposits,
appeared in the deepest part of the depression and lashed out
to the left and to the right. A calcareous-rich layer was found
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Fig. 1. The study area is situated in southwest Germany at
the western border of the Nördlinger Ries, which is a crater
formed by a Miocene meteorite impact 15 Million years ago.

Fig. 2. This aerial picture shows the mountain Ipf near the city
of Bopfingen. The red line marks the course oft the pipeline
ditch, which was investigated in the years 2006 and 2007 (Foto:
S. Mailänder, Oktober 2007).

underneath layer A4 (A5). The geological substrate is composed
of the Upper Aalenian (Aalenian 2, al2E, former Brown Jurassic).

Profile B is situated further east within the outer ring of the
Ries crater, nearly on top of a small depression, which runs
to the Goldbach Valley from the west. Today this area is used
for agriculture. The underlying bedrock is a dislocated Upper
Jurassic megablock. In profile B a dark layer (B6) was found
as well, at the deepest part of the depression lashing out to the
slopes and covered by colluvial deposits. In the position of
the investigated profile in the pipeline trench, a small pit-like
structure appeared underneath (B7).

Profile C was studied on the south-facing, gently tapered
slope of the Eger Valley, also within the megablock zone of the
crater. Here the basement is built of Bunte Breccia that is a
product of the meteorite impact. It consists of multicoloured
chaotically mixed rock fragments, which originate from different
bedrock formations. On top of a very clayey black horizon
(C6), poor in coarse particles, two further dark layers (C5 and
C4) are found, which contained many pieces of Upper Jurassic
limestone.

B. HF treatment

Minerals that catalyze secondary rearrangements during py-
rolysis were eliminated by HF treatment. Briefly, 2.0 g of sample
were transferred into 50 ml centrifuge tubes and 10 ml of 1 M
HCl were added repeatedly to remove carbonates. After the
reaction was completed, H2O was added until the 25 ml mark
and the resulting suspension was agitated, centrifuged (2500
rpm for 10 min) and the supernatant discarded. Next, 2 % HF
solution was added until the 25 ml mark and shaken for 24 hrs,
followed by centrifugation and decantation of the supernatant.
This HF treatment was repeated 5 times, after which the proce-
dure was executed three times with H2O to wash away the acid
and silicates. Finally, the residue was dried at 35 ºC.

C. Pyrolysis-GC-MS

Pyrolysis-GC-MS was performed using a Pt filament coil
probe resistive heating pyrolyzer (Pyroprobe 5000) from CDS
Analytical Inc (Oxford, USA). The pyrolysis interface was con-
nected to a 6890 GC and 5975 MSD from Agilent Technologies
(Palo Alto, USA). Approximately 1 mg of sample (HF-treated
residue) was embedded in fire-polished quartz tubes using glass
wool. Pyrolysis was performed at 750 ºC (750 ºC setpoint tem-
perature is approximately 670 ºC real pyrolysis temperature which
is still very high, but found ideal for Black Carbon characterization
by Kaal et al. 2009) for 10 s at a heating rate of 10 °C ms-1. The
pyrolysis interface and GC inlet were set at 325 °C. The GC oven
was heated from 50 to 325 °C at 20 °C min-1 and held isother-
mal for 5 min. The GC-MS transfer line was held at 325 °C, the
ion source (electron ionisation mode, 70 eV) at 230 °C and the
quadrupole detector at 150 °C. The GC was equipped with a
(non-polar) HP-5MS 5% phenyl, 95% dimethylpolysiloxane col-
umn (ca. 30 m x 0.25 mm i.d.; film thickness 0.25m). Helium was
used as carrier gas (constant flow, 1 ml min-1). Two replicates
were obtained for each sample. The ca. 50 largest peaks of the
total ion current of each pyrolysis chromatogram were listed,
giving rise to a compound list of 114 pyrolysis products. The
relative proportions of the pyrolysis products were calculated
from the peak area of their dominant and/or characteristic mass
fragments. Relative proportions are expressed as the percentage
of total quantified peak area (% TQPA). Two replicates were
obtained for each sample.
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